The burden of allergic diseases is continuously increasing in all industrialized countries and allergic rhinitis can lead to a substantial deterioration in children 's quality of life with relevant effects on learning and friendship (I). Nasal obstruction is a main symptom and is closely dependent on allergic inflammation (2) . Thus , anti-inflammatory drugs , mainly topical corticosteroids, are frequently used for treating allergic rhinitis. However, topical drugs may be scarcely effective if nasal secretions are not sufficiently removed by nasal lavage. Recent studies have shown that nasal irrigation with hypertonic solution was able to determine a significant improvement in rhinitis symptoms in children allergic to pollen and to reduce the antihistamine consumption during the pollination period (3) (4) . A significant reduction in levels of specific IgE to pollen (Dactylis glom erata), during the pollination season, by daily sodium chloride nasal-sinus irrigation, was also reported as a consequence of the reduced permanence of the allergen on the nasal mucosal tissue (4) . Another study has shown that saline solution irrigations of the nasal cavities reduced the nasal mucosa allergic inflammation by significantly decreasing the levels of interleukin-8 (5) .
It is well known that allergic rhinitis is often associated with asthma and that the risk of asthmarelated hospitalizations and emergency department visits are increased for patients with untreated rhinitis (6) . In fact, allergic rhinitis and asthma share a respiratory mucosal eosinophilic inflammation and consequently require an integrated anti-inflammatory treatment to induce remission in symptoms. In this regard, thermal water has been commonly used for rhinitis since the Roman age. In particular, Ischia spas are very popular as more than 100,000 people attend them yearly. However, there is no scientific evidence of their activity on the respiratory tract.
The purpose of this study is to therefore evaluate the effects ofIschia thermal water nasal irrigation on nasal symptoms and airway inflammation in children with allergic rhinitis and intermittent asthma during the period of natural exposure to Parietaria pollen.
MATERIALS AND METHODS

Population
Forty children were selected from both the Department of Pediatrics, Second University of Naples and the Children's Hospital "Anna Rizzoli" of Ischia, Naples. All the selected children, aged 6-14 years, had to have : i) a history of seasonal moderate to severe allergic rhinitis for at least 2 years ; ii) a sensitization to Parietaria (documented by positive skin prick test); and iii) a history of mild intermittent asthma (documented by symptoms and positive bronchodilation test). The sample size was determined considering a presumed reduction of nasal symptoms of 20% in Group I. Patients who had used long-acting bronchodilators, antihistamines, intranasal, bronchial or systemic corticosteroids, cromolyn sodium, and leukotriene modifiers in the previous 6 weeks were excluded from the study. Other exclusion criteria were the presence of a sinus and/or upper or lower respiratory tract infection, persistent asthma, nasal surgery within the last year, respiratory tract abnormalities or systemic diseases. All selected children and their parents were informed about the rationale and the way in which the study had to be conducted and had signed an informed consent. The study was approved by the local Ethics Committees. The study was registered in the Clinical Trials.gov (NCTOI326247).
Thermal water
The study was conducted on the island of Ischia (a volcanic island) in the Bay of Naples, the thermal waters of which have been used since ancient times for the treatment of many respiratory tract diseases. On this island there are several different thermal water pools. In this study the water of "Lacco Ameno", that can be defined as "hyper-mineral chloride sodium water", was used; its characteristics are reported in Table 1 .
Study design
The study was conducted on the island of Ischia, Naples from April to June 2009, during the natural exposure period to Parietaria pollen ( Fig . 1 ). The treatment started just before the pollen season, when all the children were asymptomatic, not treated with any drug, and not affected by respiratory tract and systemic diseases. All children were randomly divided into two homogeneous and parallel groups by gender and age with a ratio I: I using a predetermined casual random allocation defined by MMdG (Table II) . The first group (group I) practiced crenotherapy with "hyper-mineral chloride sodium water" aerosol by nasal adapter for 15 days per month , for three consecutive months, at thermal spa services of Lacco Ameno, while the control group (group 2) was treated daily, in the same period, by a micronized nasal douche with 0.9% NaCI (isotonic) solution. In addition, all children were treated on demand with cetirizine (0.5 gtt./kg/day once daily); no other therapy was permitted. Before the treatment (TO), at the end of the treatment (TI) and again 2 weeks after the end of the treatment (T2), all the children performed spirometry (Pony FX Cosmed), and exhaled nitric oxide (FeNO) (NIOX MINO analyzer COSMED) measurement, to assess their airway inflammation (7) (8) (9) . At the time of recruitment, the parents of the children were instructed to fill a specific diary-card at home, to assess rhinitis symptoms and possible drug use during the 3-month treatment period. The symptoms considered in the total symptom score (TSS) were: nasal obstruction, sneezing, nasal discharge and itching. These symptoms were scored : 0 = absent symptom, I = mild (symptom present but not annoying), 2 = moderate (frequent and offensive symptom but not interfering with sleep or normal activities) 3 = severe (symptom interfering with sleep or normal activities). Every two weeks, at the end of each cycle of therapy the children underwent a general clinical control with nasal endoscopy, spirometry and monitoring the completion of diary cards and the possible use of drug s.
Statistical analysis and data definitions
The first outcome was the effect on nasal symptoms, the secondary outcome was the effect on airway inflammation. Descriptive statistics were taken and quantitative parameters were reported as means and standard deviations (SD). Qualitative data were reported as frequencies and percentages. Comparison of qualitative data among the two groups of patients was made by the chi-square test (or by the Fisher's Exact test in case of expected frequencies less than five).
The Mann-Whitney test was used as a nonparametric counterpart. The ANOYA Friedman test was used to compared clinical data (FEY 1 % of predicted, FeNO in ppb) , in the two groups of patients at each visit.
For the analysis, a p value < 0.05 was considered significant. The mean ± SD and SE was used in the graphs .
RESULTS
Of the 40 children enrolled, the outcome of 34 children, 14 males and 20 females , was examined, because 4 children (3 children in Group 2) left the study as they had used topical nasal corticosteroids and another one of Group 2 had assumed leukotriene modifiers. Moreover, one child in Group I was released from the study because he had not returned for the control. The results obtained in 18 children of Group I were compared to those of 16 children in Group 2. The two groups were found to be statistically homogeneous and comparable at baseline (Table II) .
With regard to the rhinitis symptoms, the analysis of diary cards showed a significant reduction in Group I of the symptom score (mean ± SD 206.5±40.3) in comparison to Group 2, after three months of therapy (Tl) (mean ± SD 316.2±66.2) Fig. 2A .
Regarding the eosinophilic airway inflammation monitored by exhaled nitric oxide (FeNO), at the time recruitment (TO) both groups had comparable levels of FeNO (Table II) . Analyzing the values of FeNO in Group 1 there was a statistically significant reduction in the mean FeNO levels between TO and Tl and between TO and T2 (p <0.05), but not between Tl and T2 (p = NS) (Table III) . In Group 2 there were no significant differences between the FeNO values during the treatment and after the follow-up period (Table III) . The comparison of the values of FeNO between the two groups at the end of treatment (Tl) shows that Group 1 had significantly lower FeNO values than the children in group 2 (p = 0.0001) (Fig. 2B) . A significant reduction of the FeNO values was still present only in Group 1 two weeks after the end of the therapy (T2) (Fig. 2B ). There was a statistically significant correlation between rhinitis symptoms score and FeNO values (p<O.OOOI) at Tl (FigA). However, there were no statistically significant differences between the two groups in FEV j values before and after the treatment (Table III) .
There were no significant side effects in either 
DISCUSSION
Previous studies have shown that the waters of marine origin were able to interfere with allergic inflammation (5) and that nasal rinsing with hypertonic saline can improve symptoms of rhinitis and drug consumption in children with pollen allergic rhinitis (3). The present study demonstrates that intranasal crenotherapy with the hyper-mineral chloride sodium water of Ischia was effective in treating children with allergic rhinitis to pollens. It is to note that the considered pollen season was substantially comparable to previous ones.
Thermal water induced a significant reduction in rhinitis symptoms, assessed by the TSS, only in Group 1. Compared to the nasal irrigation with 0.9% chloride sodium solution, that can simply clean the nasal mucosa, it is likely that the crenotherapy with the hyper-mineral chloride sodium water of Ischia had an adjunctive effective anti-inflammatory effect on the nasal mucosa, because it can interfere with the allergic inflammation. The hyper-mineral chloride sodium waters of Lacco Ameno (Ischia) take their origin from rainwater and from sea water. They are hypertonic waters, made up by mainly of chloride sodium, sulphate, bicarbonate and magnesium and are known for their ability to activate muco-ciliary clearance and to carry out anti-oedema action. The anti-inflammatory activity of seawater on the respiratory mucosa has already been demonstrated in other studies (5, 10) and it is probably determined by the presence of natural minerals and trace elements in trace amounts (9) . The hypertonicity ofthe thermal water of Lacco Ameno has probably contributed to its effectiveness; hypertonic saline solutions have already been tested in allergic rhinitis, and proved to be more effective than isotonic saline (3). In our study, anti-inflammatory activity of hyper-mineral chloride sodium water of Ischia is highlighted by the reduction in FeNO values in the treated group. There is a direct relationship between the anatomical on bronchial immune responses and inflammation . Both treatments have been proved safe and there were no significant side effects. Indeed, the large size of these inhaled particles does not allow their passage into the lower airways. As a consequence there were no significant changes in FEY! values in either groups. However, this study has some limitations: a reduced number of participants, it is restricted to a selected population, and nasal function has not been assessed. Nevertheless, the findings could be applied to the model of allergic rhinitis treatment as the results may be considered clinically relevant.
In conclusion, this study shows that nasal crenotherapy with hyper-mineral chloride-sodium water of Ischia was effective in children with seasonal allergic rhinitis to Parietaria. These results demonstrate that this natural treatment was effective in a common and debilitating disease such as allergic rhinitis. Further studies are certainly needed to confirm the benefits of the waters of the thermal baths of Ischia in treating allergic rhinitis.
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and functional nasal and bronchial mucosa. It has been shown that allergic nasal inflammation can lead to eosinophilic airway inflammation through the release of chemotactic factors that stimulate the progenitors of eosinophils and basophils (11) . Progenitor cells and the receptor for IL-5 are able to reach both the low and the upper airways. Therefore, nasal crenotherapy with hyper-mineral chloride sodium water of Ischia seems to have effectiveness 11. 30
